INTRODUCTION
Rapeseed (Brassica napus L.) is a crop which is grown mainly for its high quality oil and protein; although, its yield is often restricted by water deficit and high temperatures during the reproductive growth. Environmental stresses, including drought and temperature, affect nearly every aspect of the physiology and biochemistry of plants and significantly diminish yield (Munns, 2002) . The effects of water stress depend on timing, duration and magnitude of water deficiency (Pandey et al., 2001) which the occurrence time is more important than the stress intensity (Sinaki et al., 2007) . Flowering is the most sensitive stage to water stress, probably due to susceptibility of pollen development, anthesis and fertilization leading to lower seed yield (Sinaki et al., 2007; Faraji et al., 2009 ). Many studies reported that water stress significantly has a negative *Corresponding author. E-mail: bitarafan_zahra@yahoo.com. effect on rapeseed yield and yield components. Nasri et al. (2008) reported that water stress decreased the number of siliques per plant, number of seeds per silique, 1000 seeds weight, seed yield, seed oil content and seed oil yield of 5 rapeseed cultivars. Sinaki et al. (2007) reported the reduction of number of siliques per plant, biomass yield and seed yield of rapeseed under water stress. Zakirullah et al. (2000) showed the reduction of the number of secondary branches, number of siliques per primary branch and number of seeds per silique of susceptible rapeseed cultivars under water stress.
Since there is no logical way to increase precipitation in drought periods to modify its undesirable effects, so using the most appropriate agricultural practices to avoid crop sensitive stages meeting dryness and also cultivars which are more tolerant than the others to dryness are the best solutions (Ahmadi and Far, 2000) . It is known that in optimal conditions, cultivars may differ much for their yield, but performances might be altered in the case of stressed conditions. Therefore, considering the aforementioned points, the main objective of this study is to assess the effects of water stress at flowering stage on yield and yield components of spring rapeseed cultivars in winter planting to find the most tolerant ones.
MATERIALS AND METHODS
The experiments were carried out at the experimental farm located According to soil analysis, N, P and K fertilizer rates are recommended. P and K fertilizer were applied in pre-plant and N fertilizer was applied in three stages: one-third pre-plant, one-third in stemming stage and one-third in flowering stage. The crop was kept free from weeds by applying 2.5 L/ha Terfelan pre-plant. Cabbage aphid was also controlled during the growing seasons using Metasistox at a rate of 1.5 L/ha. Number of siliques per plant, number of seeds per silique, 1000 seeds weight and seed yield were determined for each cultivar under both normal irrigation and water stress in both years of the experiment. Number of siliques per plant was determined by harvesting 10 plants at random from the four central rows at physiological maturity stage. Number of seeds per silique was determined by randomizing 30 siliques from all siliques of these 10 plants. Total seed weight (TSW) was determined by measuring the weight of 8 random samples with each of them consisting of 100 seed, from each plot and multiplying it by 10 in order to express it to 1000 seeds. Seed yield in each plot was measured with 12% humidity.
Simple analysis of variance (ANOVA) was performed for assessed traits at the end of each year. Combined analysis of variance was performed for assessed traits after two years of experiment. Also, Duncan's Multiple Range Test (DMRT) (P = 0.05) was used to conduct means comparison.
RESULTS AND DISCUSSION

First year of the experiment
Number of siliques per plant
The simple effects of treatments and the interaction effect of them on the number of siliques per plant were all significant at P = 0.01 ( (Figure 1 ).
Number of seeds per silique
The simple effects of irrigation and cultivar and their interaction effect on the number of seeds per silique were all significant at P = 0.01 (Table 1) . Normal irrigation by average of 24.9 showed a significant preference in Any two means sharing a common letter not differ significantly from each other at 5% probability. Table 2 ). The study of the interaction effect of irrigation and cultivar on this trait revealed that assessed cultivars from the number of seeds per silique point of view, in different levels of irrigation placed in different statistical groups as PP 308/8 by average of 28.8 under normal irrigation condition and RG 405/03 by average of 12.8 under water stress condition produced the highest and lowest number of seeds per silique, respectively. Generally PP 308/8 under normal irrigation condition and PP 401/15E under water stress condition produced the highest number of seeds per silique (Figure 2 ).
seeds weight
The simple effect of cultivar and the interaction effect of cultivar and irrigation on 1000 seeds weight were significant at P = 0.01, but the simple effect of irrigation on this trait was not significant (Table 1) . Assessed cultivars from the 1000 seeds weight point of view placed in different statistical groups as RGS 006 by average of 3.25 g and Option 500 by average of 2.76 g produced the highest and lowest 1000 seeds weight, respectively ( Table 2 ). The study of the interaction effect of irrigation and cultivar on this trait revealed that assessed cultivars from the 1000 seeds weight point of view, in different levels of irrigation placed in different statistical groups as Hyola 401 by average of 3.46 g under normal irrigation condition and Option 500 by average of 2.69 g under water stress condition produced the highest and lowest 1000 seeds weight, respectively. Generally Hyola 401 under normal irrigation condition and SYN-3 under water stress condition produced the highest 1000 seeds weight ( Figure 3 ).
Seed yield
The simple effects of irrigation and cultivar and their interaction on seed yield were all significant at P = 0.01 (Table 1) . Normal irrigation by average of 1736.8 kg ha -1
showed a significant preference in comparison to interruption of irrigation from the flowering stage by average of 1005.5 kg/ha. Also assessed cultivars from the seed yield point of view placed in different statistical groups as ORS 3150-3008 by average of 1798 kg/ha and Hyola 401 by average of 970.31 kg/ha produced the highest and lowest seed yield, respectively ( Table 2 ). The study of the interaction effect of irrigation and cultivar on this trait revealed that assessed cultivars from the seed yield point of view, in different levels of irrigation placed in different statistical groups as ORS 3150-3008 by average of 2241 kg/ha under normal irrigation condition and Hyola 401 by average of 487.5 kg/ha under water stress condition produced the highest and lowest seed yield, respectively. Generally, ORS 3150-3008 under normal irrigation condition and RG 405/03 under water stress condition produced the highest seed yield (Figure 4 ). 
Second year of the experiment
Number of siliques per plant
The simple effects of treatments and the interaction effect of them on the number of siliques per plant were all significant at P = 0.01 ( produced the highest number of siliques per plant ( Figure 5 ).
Number of seeds per silique
The simple effects of irrigation and cultivar and their interaction effect on the number of seeds per silique were all significant at P = 0.01 ( Figure 6 ).
seeds weight
The simple effect of cultivar and the interaction effect of cultivar and irrigation on 1000 seeds weight were significant at P = 0.01, but the simple effect of irrigation on this trait was not significant (Table 3) . Assessed cultivars from the 1000 seeds weight point of view placed in different statistical groups as RGS 006 yb average of 3.34 g and Option 500 by average of 2.84 g produced the highest and lowest 1000 seeds weight, respectively (Table 4 ). The study of the interaction effect of irrigation and cultivar on this trait revealed that assessed cultivars from the 1000 seeds weight point of view, in different levels of irrigation placed in different statistical groups as Hyola 401 by average of 3.56 g under normal irrigation condition and Option 500 by average of 2.77 g under water stress condition produced the highest and lowest 1000 seeds weight, respectively. Generally, Hyola 401 under normal irrigation condition and SYN-3 under water stress condition produced the highest 1000 seeds weight ( Figure 7 ).
Seed yield
The simple effects of treatments and the interaction effect of them on seed yield were all significant at P = 0.01 (Table 3) . Normal irrigation by average of 1806.3 kg/ha showed a significant preference in comparison to interruption of irrigation from the flowering stage by average of 1045.7 kg/ha. Also, assessed cultivars from the seed yield point of view placed in different statistical groups as ORS 3150-3008 by average of 1870 kg/ha and Hyola 401 by average of 1009 kg/ha produced the highest and lowest seed yield, respectively (Table 4) . The study of the interaction effects of irrigation and cultivar on this trait revealed that assessed cultivars from the seed yield point of view, in different levels of irrigation placed in different statistical groups as ORS 3150-3008 by average of 2330 kg/ha under normal irrigation condition and Hyola 401 by average of 507 kg/ha under water stress condition produced the highest and lowest seed yield, respectively. Generally, ORS 3150-3008 under normal irrigation Any two means sharing a common letter not differ significantly from each other at 5% probability. condition and RG 405/03 under water stress condition produced the highest seed yield (Figure 8 ).
Both years of the experiment
Number of siliques per plant
The simple effects of treatments and the interaction effect of them on the number of siliques per plant were all significant at P = 0.01 (Table 5) the highest and lowest number of siliques per plant, respectively (Table 6 ). The study of the interaction effect of irrigation and cultivar on this trait revealed that assessed cultivars from the number of siliques per plant point of view, in different levels of irrigation placed in different statistical groups as RGS 003 by average of 171.1 under normal irrigation condition and Hyola 401 by average of 39.43 under water stress condition produced the highest and lowest number of siliques per plant, respectively. Generally, RGS 003 under normal irrigation condition and RG 4403 under water stress condition produced the highest number of siliques per plant ( Figure   9 ). Totally, among rapeseed yield components, the number of siliques per plant has the most susceptibility to water stress as water stress during flowering and silique formation stages prominently decrease the number of siliques per plant due to higher falling of flowers and siliques (Sinaki et al., 2007) . It seems imposed water stress from the flowering stage in this experiment reduces the number of siliques per plant through the reduction of flowering period and reproductive growth, and also, no fertilization of some flowers lead to fall of the flowers (Wright et al., 1996) . Daneshmand et al. (2008) reported a 59% reduction of the number of siliques per Any two means sharing a common letter not differ significantly from each other at 5% probability.
plant in rapeseed cultivars under water stress condition. Zakirullah et al. (2000) reported that susceptible rapeseed varieties would experience a high reduction in their number of siliques under water stress, while reduction in tolerant rapeseed varieties would be lower.
Number of seeds per silique
The simple effects of irrigation and cultivar and their interaction effect on the number of seeds per silique were all significant at P = 0.01 ( Figure 10 ). Our results are in line with the findings of Daneshmand et al. (2008) .
seeds weight
The simple effect of cultivar and the interaction effect of cultivar and irrigation on 1000 seeds weight were significant at P = 0.01, but the simple effect of irrigation on this trait was not significant (Table 5) . Assessed cultivars from the 1000 seeds weight point of view placed in different statistical groups as RGS 006 by average of 3.3 g and Option 500 by average of 2.8 g produced the highest and lowest 1000 seeds weight, respectively 
Conclusions
Using tolerant cultivars to water stress helps to modify the water stress effects not only in flowering stage which is the most sensitive stage to drought but also in whole plant growth stages. This study provides new information about the effect of water stress from the flowering stage on yield and yield components of spring rapeseed cultivars in winter planting which helps us to choose the most appropriate and tolerant cultivars for cultivation in a region with cold temperate and semi arid region like Karaj. Generally, our results showed that under normal irrigation condition ORS 3150-3008 and under water stress condition RG 405/03 cultivars produced the highest seed yield. Therefore, ORS 3150-3008 is recommended as the best cultivar if there is no water deficit in winter planting for a cold temperate region and RG 405/03 is recommended as the best cultivar under late season drought condition in the same condition.
